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Abstract 
The mining of methane hydrate from permafrost can cause the permafrost strength decreasing, softening and straining. 
It will be helpful to understand effects of different mining methods on the mechanical properties of hydrate-bearing 
sediments. In this paper, two kinds of hydrate dissociation methods˄ depressurization and heating w˅ere conducted in 
triaxial pressure chamber. The mechanical properties of methane hydrate-bearing sediments after dissociation were 
measured by a low-temperature and high-pressure triaxial compression apparatus under exhaust and non-exhaust 
shear test. In addition, triaxial shear test of the CO2 and CH4 hydrate-bearing sediments prior to dissociation were 
also carried out in the identical conditions. The experimental results under the two kinds of dissociation methods 
showed that the strength of the methane hydrate-bearing sediments after dissociation is less than that before. The 
shear strength under the consolidated exhaust and consolidated non-exhaust shear tests was also quite different.  
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1. Introduction 
In 2008 and 2009 tˈhe methane hydrate had been successfully obtained by China Geological Survey in 
the area of the Qilian permafrost in Qinghai province, China [1]. Qilian Mountain permafrost is located at 
the altitude is 4128̚4026m with an area of 10×104km2[2]. The hydrate-bearing sample core exploited 
from this permafrost region is from different layers between 130 m to 396 m under the earth surface. 
These layers are with the annual average geo-temperature of -1.95 oC, and the geothermal gradient of 
about 0.02697 oC /m [2]. The reserves survey of gas hydrate demonstrates an astonishing value [1-2]. In 
recent decades, several methods have been proposed to produce natural gas from gas hydrate-bearing 
sediments, including depressurization, thermal stimulation, and CH4-CO2 replacement [3]. But the 
hydrate exploitation will results in the strength decrease and deformation of permafrost layers [4]. Priest 
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et al. [5] found that the strength and stiffness of the gas hydrate sediments fell sharply after hydrate 
dissociation utilizing natural gas hydrate resonant column apparatus. Grozic et al. [6] conducted a series 
of triaxial tests for hydrate sediments. The experimental results showed that the pore fluid will produce 
under the process of hydrate dissociation, leading to the decrease of effective stress, and the loss of shear 
strength of the specimens. Therefore, it is very necessary to do in-depth research on effects of hydrate 
exploitation on the mechanical stability of methane hydrate-bearing sediments after hydrate exploitation. 
2. Experimental Methods 
Fig.1 shows a schematic diagram of the low-temperature and high-pressure triaxial testing system used 
in this study. The system consists of a confining pressure servo-system, a temperature control system, an 
axial loading system and a computer control system. The temperature of the inside pressure chamber 
could be adjusted range from -30 oC to 25 oC, with an accuracy of ±0.5 oC. A pressure sensor was placed 
in exhaust port of the pressure chamber to test the pore pressure variations during the experiment. The 
reader is referred to Yu et al. [7] for a detailed description of the experimental setup. 
Methane hydrates are widely distributed in offshore environments and onshore permafrost. It usually is 
the form of the mixture of methane hydrates and ice in the clay sediment pore [8]. In this study, the 
skeleton of kaolin was chose as CH4 and CO2 hydrate-bearing sediments cores. The CH4 or CO2 hydrate 
was manufactured by using ice powders in the reactor at temperature of -15 oC, pressure of 8MPa for 48 
hours [7]. The degree of saturation of the synthetized CH4 or CO2 hydrate was controlled to 30% 
according to a calculation based on the amount of methane gas from hydrate dissociation [7]. The hydrate 
powders, with mean particle size around 250 μm, were extracted using a standard 60-mesh sieve. Finally, 
a fixed volume of frozen kaolin clay and hydrate were mixed, and the mixture was compacted by a 
pressure crystal device under the pressure of 10MPa. The size of the final cylindrical specimen was 61.8 
mm in diameter by 125 mm in height. A series of experiments under various test conditions were 
conducted in this study with porosities of 40% and strain rates of 1%, under the confining pressures of 2 
MPa. (a) The methane and CO2 hydrate-bearing sediments specimen were sheared at temperature of -5 oC. 
(b) The methane hydrate-bearing sediments specimen were sheared, controlling hydrate dissociation 
completely through reducing the pore pressure to atmospheric pressure at the temperature of -5 oC, and 
through heating the hydraulic oil to 5 oC , under exhaust shear test and non-exhaust shear test. We defined 
that the time when the hydrate dissociation completely is the moment when certain pore pressure value 
was reached.
 
 
 
 
 
 
 
 
 
 
 
Figure.1. The schematic diagram (1) Specimen; (2) 
thermocouple; (3) heat exchanger; (4) axial load cell; (5) air 
pressure line; (6) pressure gauge; (7) hydraulic oil tank; (8) 
plunger pump; (9) high-precision servo motor; (10) 
thermostatic bath; (11) computer 
 
 
 
 
 
 
 
 
 
 
 
 
Figure.2.Deviator stress-axial strain curves under the 
confining pressure of 2MPa for various test conditions 
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3. Result and discussion 
3.1 Stress-strain relationship 
Fig.2 shows the stress and strain behaviour of the gas hydrate-bearing sediments specimens under 
various test conditions. All of the stress-strain curves appear to be of hyperbolical shape. The stress-strain 
curve can be divided into three stages: the quasi-elastic stage, the hardening stage and the yield stage. The 
deviator stress increases almost linearly as the axial strain increases, and only elastic deformation occurs 
in the quasi-elastic stage. In the hardening stage, plastic deformation occurs in addition to elastic 
deformation, and the total deformation owes mainly to plastic deformation. In the yield stage, the deviator 
stress maintains a nearly constant value, but the axial strain increases rapidly.  
3.2 Failure strength and Elastic Modulus 
In this paper, the failure strength is defined as the maximum value of the deviator stress. When the 
deviator stress has no peak value during the compression, it is defined as the deviator stress corresponding 
to 15% strain. 
Table.1.The failure strength, elastic modulus, and the drop ratio of mechanical parameters under fixed confining pressure under 
various shear conditions for different mining methods. 
Confining 
pressure 
(Mpa) 
 
Test conditions 
Failure 
strength 
(MPa) 
Drop 
ratio 
(%) 
Elastic 
modulus 
(MPa) 
Drop ratio 
(%) 
 
 
 
2 
methane hydrate-bearing sediments before dissociation   3.92    0 544 0 
exhaust shear after depressurization dissociation 
non-exhaust shear after depressurization dissociation 
    3.20    18.4 447 19.3 
    2.57    34.4 358 34.2 
exhaust shear after heating dissociation 
non-exhaust shear after heating dissociation 
    0.98    75.0 81.5 85.3 
    0.40    89.8 19.6 96.4 
CO2 hydrate-bearing sediments before dissociation     4.35    -10.9 633 -16.4 
Table.1 shows the drop ratio of mechanical parameters under various shear conditions for different 
mining methods. From Table 1,under the confining pressure of 2MPa, the drop ratio of the failure 
strength under exhaust shear and non-exhaust shear is 18.4% and 34.4% after depressurization 
dissociation, and 75.0% and 89.8% after heating dissociation. In addition, the value for the elastic 
modulus under the same condition is 19.3% and 34.2%, and 85.3% and 96.4% after heating dissociation. 
The degree of decline of the failure strength and elastic modulus under exhaust shear or non-exhaust 
shear for depressurization dissociation are both lower than that for heating dissociation. At undissociation, 
hydrate-bearing sediments were cemented by the soil particles, ice and hydrate. However, after 
depressurization dissociation, the sediments turned into a mixture of soil, ice and methane gas,and after 
heating dissociation, a mixture of soil, water and methane gas. The cohesive force of the mixture was 
weakening after hydrate dissociation under exhaust shear. The failure strength and elastic modulus of 
hydrate-bearing sediments also decreased [7]. When the specimens were tested under non-exhaust shear, 
the failure strength and the elastic modulus were smaller than that under exhaust shear. This was 
contributed to the methane gas inflating the hydrate-bearing sediments skeleton, and the pore pressure 
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increasing. The increase of pore pressure reduced the effective confining pressure. The decrease of the 
effective confining pressure caused the decrease in the sediment strength[6]. It was concluded that the 
depressurization mining method with thoroughly exhausting methane was more safety than the heating 
mining. 
Also shown in table 1, the failure strength and the elastic modulus of CO2 hydrate-bearing sediments 
are 10.9% and 16.4% higher than that of CH4 hydrate-bearing sediments respectively. The result implied 
that CO2 hydrate-bearing sediments have a more stable structure, therefore, exhibit the higher strength 
under the same conditions. 
4. Conclusion 
The strength of CH4 hydrate-bearing sediments were measured by triaxial apparatus under the 
conditions of depressurization and heating dissociation. The following were concluded: 
The exhaust shear strength and elastic modulus of methane hydrate-bearing sediments after 
depressurization or heating dissociation were lower than those before dissociation. This result suggested 
that hydrate dissociation weaken the cementation between methane hydrate and kaolin clay particles. 
In addition, the exhaust shear strength and elastic modulus of methane hydrate-bearing sediments after 
depressurization or heating dissociation were higher than those of non-exhaust shear. The hydrate heating 
dissociation produced methane gas and water, and the hydrate depressurization dissociation did methane 
gas and ice. Methane gas or the mixture of gas and water, filled in the soil pore space, produced high pore 
pressure, destroyed the pore structure and accelerated the expansion of the specimens and the generation 
of cracks. As the results, the failure strength and the elastic modulus decreased accordingly. 
Thorough Exhaust could guarantee the safety of depressurization mining. Mining security by heating 
was much lower than depressurization. The CH4-CO2 replacement mining was feasible. 
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